The problems of upper limb weakness in young people with Duchenne muscular dystrophy are not generally appreciated. In a series of 12 young people it was found that the strengths of the shoulder and elbow muscles were approximately 4% of those of a normal control group. A counterweight and a motorised system of arm suspension is described which permits the youilg person to make proper use of their arms.
Introduction
Much expertise is exercised in the diagnosis and counselling of young people with Duchenne muscular dystrophy. The focus of attention is on the weakness of the lower limbs and trunk. Orthoses and a wheelchair may be provided, and the family learn to adapt themselves to the situation. There is acceptance of the situation after the initial flurry of activity and the experts depart. The progressive weakness of the upper limbs passes without much comment, and relatively little is done to assist the young people with this problem.
Upper limb weakness
It is well documented that there is progressive upper limb weakness, but the characteristics are not often appreciated. The degree of weakness is greatest proximally, with the hands least affected. The weight of the arms makes it difficult t o move the shoulder and elbow. Trick movements are common. If the child wishes to get the hand to the face, he may bend the head and trunk forwards to meet the hand. Alternatively, he may use his fingers to crawl up All correspondence to be addressed to Mr. W. V. James, Director, Rehabilitation Engineering Centre, Musgrave Park Hos ital, Stockmans Lane, Belfast BT9 7JB, Northern {eland. the opposite arm, dragging the affected arm after his hand. H e may unconsciously learn that a vertical forearm balanced on the tip of the elbow, requires little effort to move it. To accomplish this he may grasp the thumb in his mouth and drag the tip of the elbow further forward on the arm of the chair, so that the forearm is vertical. Whilst these trick movements may be seen, the degree of weakness may not be appreciated. The problem is that whilst the young person may have a reasonable grip, there is difficulty in placing the hand where it can be used.
Degree of weakness
The usual clinical method of grading muscle strength using a scale of 0 to 5 was found to be too insensitive and subjective. Most of the young people involved were referred because of their problems with upper limb weakness, and were already unable to lift their arms against gravity. The strength of the main muscle groups of the shoulder and elbow was measured, using delicate spring balances, with the arm in the neutral gravity position (Fig. 1) . The distance of the measuring point from the joint was noted, and the results expressed in Newton metres, which would allow comparison with later results. The average age of the twelve young people was 13 years, with a range of 3 to 23. It was found that the shoulder and elbow muscles on both sides were equally affected. In a series of normal controls the average torques developed about the shoulder joint were 37.5 Newton metres in flexion and 38 Newton metres in abduction. Normal elbow flexion had an average torque of 43 Newton metres. The striking finding was that the strength of muscle groups in our affected young people was only about 4% of that of the normal controls (Fig. 2 ). This meant that they were not able to move their arms against gravity. Hand grip is difficult to quantify, but it is sufficient to say that all the young people could hold a cup.
The problem The young people, whilst able to grip objects with their hands, were unable to move those objects, or were unable to even reach and grasp the objects. Because of the weakness of the muscles it was not possible to overcome the effects of gravity and the inertia of the arm itself. When the effects of gravity were reduced, the residual muscle power could be used to move the arm and place it where it could be used.
The solution
By suspending the forearm from above, movements in a horizontal plane could be carried out with the effects of gravity eliminated. Fig. 3 . To , the gantry, forearm cradle and pulley system. gottom, the guide to control the counterweights.
There was a tendency for the forearm to return below the suspension point, but this could be an advantage.
A gantry was constructed which was attached to the back support of the chair, passed upwards to above head level, and then forwards to a point above the centre of the forearm. The forearm lay on a cradle which was suspended by a chord. This chord passed over low friction pulleys on the gantry to weights behind the chair (Fig. 3,  top) . The weights were held in a guide to prevent them swaying when the chair was in motion (Fig.  3, bottom) . These weights were equivalent to the functional weight of the arm. In the seated position, with the upper arm vertical, this balanced the weight of the forearm and hand. Sometimes, bias was applied to the weights to allow for the variation in strengths of the flexor and extensor muscle groups.
A few young people were too weak to overcome the friction of the pulley system and inertia of the arm and weights. A powered system was provided for them in which a 12 volt reversible motor was substituted for the weights.The motor was powered by the wheelchair batteries and attached to the frame of the chair close to the back wheels (Fig.4, top) . Switching of the motor was achieved by microswitches mounted on arms attached to the forearm cradle, so that adduction and abduction of the wrist could switch to lift or lower the arm (Fig. 4, bottom) .
The outcome is a system which allows these young people to overcome the upper limb weakness. They can feed themselves and achieve a degree of independence which makes their lives tolerable.
Conclusion
The extent of upper limb weakness in young people is not always appreciated. Our investigations show that the shoulder and elbow were equally affected and the hand was least affected. The main problems with such weakness arise from gravity and inertia. Our system tries to eliminate the effects of gravity, to allow the residual muscles to move the arm, and if this is ineffective because of friction in the system, a powered system is available. Since becoming aware of the problems of young people with Duchenne muscular dystrophy the system has been provided for l7 young people. Its benefits in selected cases are convincing. Fig. 4 . Top, the motor of the powered system attached to the chair. Bottom, microswitches mounted on the cradle to actuate the motor.
